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Purpose: The aim of this study was to evaluate the safety and feasibility of applying Enhanced Recovery After Surgery
(ERAS) protocol in elderly colorectal cancer patients.

Methods: The medical records of patients who underwent elective colorectal cancer surgery at our institution, from Janu-
ary 2017 to December 2017, were reviewed. Patients were divided into 2 groups: the young group (YG, patients aged 70
and under 70 years) and the old group (OG, patients over 70 years old). Perioperative outcomes and length of hospital
stay were compared between both groups.

Results: In total, 335 patients were enrolled; 237 were YG and 98 were OG. Despite the poorer baseline characteristics of
OG, the perioperative outcomes were similar. Length of hospital stay was not different between the groups (YG, 5 days vs.
OG, 5 days; P=0.320). When comparing the postoperative complications using the comprehensive complication index
(CCI), there was no significant difference (YG, 8.0+13.2 vs. OG, 11.7+23.0; P=0.130). In regression analysis, old age
(>70 years) was not a risk factor for high CCI in all patients. In multivariate analysis, C-reactive protein (CRP) level on
postoperative day (POD) 3 to 4 was the only strong predictive factor for high CCI in elderly patients.

Conclusion: Implementing the ERAS protocol in patients aged >70 years is safe and feasible. High CRP (>6.47 mg/dL)

on POD 3 to 4 can be used as a safety index to postpone discharge in elderly patients.
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INTRODUCTION

Enhanced Recovery After Surgery (ERAS) is a multimodal peri-
operative care protocol designed for quick postoperative recovery
[1, 2]. This protocol reduces surgical stress postoperatively and
quickly normalizes the patient’s physiological function. As a re-
sult, the recovery period is shortened due to improvement in the
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immunonutritional status, rapid recovery of bowel function, and
reduction of pain. According to several previously published ran-
domized controlled trials and meta-analyses reports, ERAS is
known to reduce surgical complications and duration of hospital
stay [3-6]. Currently, the ERAS protocol is widely adopted, in-
cluding at our institution, as a standard treatment option for
colorectal cancer patients [5, 7].

Most colorectal cancers occur in the elderly population [8, 9].
Elderly patients need more attention due to a number of factors,
including a high prevalence of comorbidities, physiological vul-
nerability, mental disorders, and poor physical function such as
sarcopenia [10]. In order to manage these various problems, a
multidisciplinary team approach has advantages. However, there
is a lack of studies on the outcomes of implementing ERAS proto-
cols in the elderly population. The aim of this study was to evalu-
ate the safety and feasibility of applying ERAS protocol in elderly
colorectal cancer patients.
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METHODS

The medical records of patients who underwent elective colorec-
tal cancer surgery at our institution, from January 2017 to De-
cember 2017, were reviewed. All patients implemented the ERAS
protocol. A group of 23 interventions was applied in this study
based on our previously published protocols (Table 1) [7]. Patients
who underwent emergency surgery, stoma closure, or transanal
local excision were excluded. Tumor location was defined as the
right colon (including the cecum, ascending colon, hepatic flex-
ure, and transverse colon) and left colon (including the splenic
flexure, descending colon, and sigmoid colon). Tumors located
below the peritoneal reflection were defined as rectal. Cancer ob-
struction was defined as cancer located in the colon and rectum,
unable to pass through the lesion by colonoscopy; or exhibiting
obstructive findings on computed tomography.

Patients were divided into 2 groups: the young group (YG, pa-
tients aged 70 and under 70 years) and the old group (OG, pa-

Table 1. Enhanced Recovery After Surgery protocol for elective
colorectal cancer patients

Protocol

Preoperative 1. Preadmission patient counseling
2. Preoperative oral carbohydrate treatment
3. Preoperative formula intake
4. Thromboembolism prophylaxis
5. Prophylactic antibiotics
Intraoperative 6. Epidural or spinal anesthesia
7. Hypothermia prophylaxis
8. Restrictive fluid strategy
9. Postoperative nausea and vomiting prophylaxis
Postoperative 10. Postoperative epidural analgesia
11. Multimodal opioid-sparing pain control
12. Near-zero fluid balance
13. Chewing gum (stimulation of gut motility I)
14. Laxative (stimulation of gut motility Il)
15. Early urinary catheter removal (before postoperative day 3)
16. Early surgical drainage removal (before postoperative day 3)

17. Termination of intravenous fluid infusion (before postoperative
day 3)

18. Early mobilization on day of surgery

19. Early mobilization on postoperative day 1
20. Early mobilization on postoperative day 2
21. Early mobilization on postoperative day 3
22. Oral intake on day of surgery

23. Oral intake on postoperative day 1

Modified from Kim et al. [7], according to the Creative Commons License.
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tients over 70 years old). In both of the groups, 237 and 98 pa-
tients were registered, respectively (Table 2). Patients’ baseline
characteristics, perioperative outcomes, length of hospital stay,
and readmission rate were collected. We defined readmission as
unplanned readmission within 30 days after discharge.
Complications were evaluated using the comprehensive compli-
cation index (CCI). CCl is an alternative tool for evaluating com-
plications. CCI was calculated as the sum of the weighted scores
according to the Clavien-Dindo classification (CDC) grade and
expressed as a score between 0 and 100. Unlike CDC, CCI can
also evaluate all minor complications [11, 12]. CDC grade IIIa or
higher is a severe complication that requires intervention, and we

Table 2. Baseline characteristics of the patients

Characteristic Y((;n(j;g%r) O(:‘.(é:;g)yr) P-value
Age (1) 57.6+8.7 78247 <0.001
Sex 0.229
Male 145 (61.2) 53 (54.1)
Female 92 (38.9) 45 (45.9)
Body mass index (kg/m?) 241+3.3 22.9+3.2 0.003
Smoking 0.001
Yes 75 (31.6) 14 (14.3)
No 162 (68.4) 84 (85.7)
Comorbidity
Hypertension 72 (30.4) 52 (63.1) <0.001
Diabetes 29(12.2) 24 (24.5) 0.005
Cardiovascular 9(3.9) 10(10.2) 0.021
Cerebrovascular 2(0.8) 2(2.0) 0.359
COPD 1(0.4) 3(3.1) 0.043
Hepatitis 15(6.3) 5(5.1) 0.666
ASA PS classification, >III 4(1.7) 5(.1) 0.079
Tumor location 0.060
Colon 162 (68.4) 77 (78.6)
Rectum 75(31.6) 21(21.4
Obstruction 0.443
Yes 40 (16.9) 20 (20.4)
No 197 (83.1) 78 (79.6)
Approach 0.147
Laparoscopic 193 (81.4) 86 (87.8)
Robotic 35(14.8) 7(7.1)
Open 9(3.8) 5(5.1)
Preoperative CRP 0.7+1.7 1.0+24 0.196

Values are presented as mean = standard deviation or number (%).

YG, young group; OG, old group; COPD, chronic obstructive pulmonary disease;
ASA, American Society of Anesthesiologists; PS, physical status; CRP, C-reactive
protein.
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used the CCI score of 26.2, which corresponds to 1 CDC grade
IITa, as the cutoft for high CCI based on prior study [13, 14]. All
complications that occurred within 30 days after surgery were re-
corded. The predictive factors associated with the high CCI
(=26.2) group were also analyzed.

This study was approved by the Institutional Review Board of
Seoul St. Mary’s Hospital, College of Medicine, The Catholic Uni-
versity of Korea (No. KC21RISI0373), and informed consent for
an observational study was waived by our institutional policy.

Statistical analyses

Statistical analysis was performed using IBM SPSS Statistics ver.
24.0 (IBM Corp., Armonk, NY, USA). Fisher exact test was used
for categorical data, and the Mann-Whitney U-test was used for
continuous data. All analyses were based on available data. Signif-
icant associations obtained on univariate analysis were used in a
multivariate logistic regression analysis to identify independent
predictors of high CCI. Statistical significance was set at P <0.05.

RESULTS

The patients’ baseline characteristics were analyzed for 237 pa-
tients in YG (<70 years old) and 98 patients in OG (>70 years
old) (Table 2). Body mass index (BMI) was significantly higher in
YG (24.1£3.3 vs. 22.9+3.2, P=0.003) and smoking was signifi-
cantly higher in YG (75 [31.6%] vs. 14 [14.3%]; P=0.001). Pa-
tients with underlying diseases such as hypertension, diabetes, car-
diovascular disease, and chronic obstructive pulmonary disease
(COPD) were significantly higher in the OG group. The propor-
tion of patients with the American Society of Anesthesiologists
(ASA) physical status (PS) classification of >IIT was higher in the
OG group, but the difference was not statistically significant.
There were no differences in tumor location, type of surgery, and
preoperative C-reactive protein (CRP) levels between the 2 groups.

Despite the poorer baseline characteristics of OG, the periopera-
tive outcomes were similar (Table 3). The operation time was lon-
ger in the YG group (215+ 100.6 minutes vs. 189+ 88.4 minutes,
P=0.023). Pathological stage, transfusion rate, and postoperative
day (POD) 3 to 4 CRP levels were not different between the
groups. Median length of hospital stays (YG, 5 days vs. OG, 5
days; P=0.320) and readmission rates (YG, 18 [7.6%] vs. OG, 4
[4.1%]; P=0.238) did not differ between the groups.

In total, 116 patients (34.6%) developed postoperative complica-
tions. The most common complications were wound complica-
tions (7.8%) and ileus (7.2%). When comparing tumor location,
rectal cancer patients showed significantly higher complications
rate (52.1% vs. 27.6%, P <0.001). All of the complication details
were described in Supplementary Table 1. The mean CCI for the
whole group was 9.1+ 16.7. There was no significant difference in
CCI score between both groups (YG, 8.0+13.2 vs. OG, 11.7+
23.0; P=0.130).

The number of patients with low CCI (< 26.2) was 297 (88.7%),
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Table 3. Pathologic and perioperative outcomes
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Variable Y((in(527g73)/r) OG(rtgg)yr) P-value
TNM stage 0.264
[+1I 115 (48.5) 41 (41.8)
M+ 1V 122 (51.5) 57 (58.2)
Stoma formation 0.057
Yes 53 (22.4) 13(13.3)
No 184 (77.6) 85 (86.7)
Other organ resection 0.931
Yes 33(13.9) 14 (14.3)
No 204 (86.1) 84 (85.7)
Operation time (min) 215+100.6 189+88.4 0.023
Transfusion 0.772
Yes 14 (5.9) 5(5.1)
No 223 (94.1) 93 (94.9)
Radical resection 0.471
RO 217 (91.6) 92 (93.9)
>R1 20 (8.4) 6(6.1)
CRP POD 3—4 74+58 7.7+6.8 0.746
Length of stay (day) 5 (6-7) 5(5-7) 0.320
Readmission 18 (7.6) 4(4.1) 0.238
CCl score 8.0+13.2 11.7+£23.0 0.130

Values are presented as number (%), mean + standard deviation, or median (inter-
quartile range).

YG, young group; OG, old group; CRP, C-reactive protein; POD, postoperative day;
CCl, comprehensive complication index.

and 38 (11.3%) had a high CCI (=26.2). In regression analysis,
the old age (> 70 years) was not a risk factor to high CCI in all pa-
tients (odds ratio [OR], 1.297; 95% confidence interval [CI],
0.634-2.653; P=0.477) (Tables 4, 5). Subgroup analysis was per-
formed to evaluate the predictive factors of high CCI in each
group. In multivariate analysis, high BMI (OR, 3.151; 95% CI,
1.199-8.276, P=0.020) and colon obstruction (OR, 4.159; 95%
CI, 1.429-12.107; P=0.009) were strong predictive factors for
high CCI in YG. However, in OG, CRP level on POD 3 to 4 (OR,
6.079; 95% CI, 1.117-33.076; P=0.037) was the only strong pre-
dictive factor for high CCL

DISCUSSION

The population is rapidly aging in the Republic of Korea [15]. Old
age, tends to have comorbidities and frailty issues, is associated
with increased postoperative complications in patients with gas-
trointestinal malignancies [16, 17]. According to literature, early
complications after colorectal cancer surgery were seen in 19% to
40% of patients [18, 19]. In this study, overall postoperative com-
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Table 4. Univariate regression analysis for predicting high comprehensive complication index

Variable Overall YG (<70yr) 0G (>70yr)
OR 95% Cl P-value OR 95% Cl P-value OR 95% Cl P-value

Age, >70yr 1.297 0.634-2.653 0.477
Sex, female/male 0.553  0.264-1.156 0.115 0.717  0.296-1.736 0.461 0.307  0.079-1.195 0.089
BMI, >25 kg/m? 1727  0.866-3.445 0.121 2505  1.084-5.789 0.032 0.763  0.193-3.013 0.699
ASA PS classification, > Il 2302 0.460-11.505  0.310 2903  0.290-29.018  0.364 1.688  0.174-16.393  0.652
Obstruction, yes/no 3183  1.534-6.607 0.002 2647  1.054-6.646 0.038 4347  1.268-14.900  0.019
Approach

Laparoscopic Reference Reference Reference

Robotic 2290  0.960-5.463 0.062 2142 0.780-5.882 0.139 3422  0578-20.278  0.175

Open 3.892  1.140-13.287  0.030 2958  0.569-15.378  0.197 5704  0.838-38.819  0.075
Stomy formation, yes/no 1537 0.706-3.347 0.279 1.403  0.553-3.564 0.476 2250  0.528-9.584 0.273
Other organ resection, yes/no 2115  0.930-4.811 0.074 2164  0.794-5.898 0.131 2.018  0.479-8.495 0.338
Operation time 1.005  1.002-1.008 0.001 1.006  1.003-1.010 0.001 1.003  0.997-1.009 0.264
Transfusion, yes/no 3.063  1.037-9.045 0.043 3.848  1.109-13.343  0.034 1.688  0.174-16.393  0.652
CRP POD 3-4 1148  1.088-1.211  <0.001 1135  1.062-1.213  <0.001 1171 1.067-1.285 0.001

YG, young group; OG, old group; OR, odds ratio; Cl, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists; PS, physical status; CRP, C-
reactive protein; POD, postoperative day.

Table 5. Multivariate regression analysis for predicting high comprehensive complication index

\riabie Overall YG (<70 yr) 0G (>70yr)
OR 95% Cl P-value OR 95% Cl P-value OR 95% Cl P-value

Age, >70yr
Sex, female/male 0.642 0.132-3.119 0.583
BMI, >25 kg/m? 3.151 1.199-8.276 0.020
ASA PS classification, >III
Obstruction, yes/no 3.355 1.407-7.999 0.006 4159  1.429-12.107  0.009 4736  0.760-29.501  0.096
Approach

Laparoscopic

Robotic 2.017 0.684-5.946 0.203

Open 1.423 0.335-6.056 0.633 2315 0.187-28.690  0.513

Stomy formation, yes/no
Other organ resection, yes/no 1.045 0.361-3.026 0.935

Operation time 1.284 0.527-3.126 0.583 2.219 0.799-6.164 0.126
Transfusion, yes/no 2.258 0.623-8.179 0.215 2.802 0.713-11.018  0.140
CRP POD 3-4 1.756 0.804-3.836 0.158 0.930 0.359-2.411 0.882 6.079 1.117-33.076  0.037

YG, young group; OG, old group; OR, odds ratio; Cl, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists; PS, physical status; CRP, C-
reactive protein; POD, postoperative day.

plications were seen in 116 patients (34.6%), and when compar- 132 vs. OG, 11.7£23.0; P=0.130). There was no statistical differ-
ing the 2 groups, YG had 83 patients (35.0%), and OG had 33 pa-  ence in the duration of hospital stay between the 2 groups (YG, 5
tients (33.7%) (P =0.900). These results were similar to those ofa  days vs. OG, 5 days; P=0.320).

previous study. There was no significant difference between the 2 Our study validated the clinical usefulness of the ERAS protocol
groups when comparing complications using the CCI (YG, 8.0+  in elderly patients with colorectal cancer. OG patients had poorer
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baseline characteristics, such as a high prevalence of comorbidi-
ties (hypertension, diabetes, cardiovascular disease, and COPD)
and a high proportion of patients with ASA PS classification of
>III (Table 2). Despite having more vulnerable factors, the peri-
operative outcomes were not inferior to those of YG. Several evi-
dence-based studies have demonstrated the ERAS protocol to
support body recovery by reducing the stress response during
surgery [20]. This finding implies that the ERAS protocol is safe
and feasible in elderly patients, and reduction in surgical stress is
especially important for elderly patients with many comorbidities
and frailties.

Subgroup analysis was performed to determine the factors that
influence high morbidity in each group. In multivariable analysis,
high BMI and obstructive colon cancer were strong predictive
factors for high CCI in the YG. According to many studies, a high
BMI (=30 kg/m’) is highly associated with increased postopera-
tive morbidity, especially surgical site infections [21, 22]. Addi-
tionally, obstructive colon cancer has been identified as a risk fac-
tor for increased complications [23, 24]. Colon obstruction causes
loss of electrolyte and water, often infection, and impedes blood
flow to the intestine [25]. Patients with a high BMI or obstructive
colon cancer need to be treated more carefully.

CRP is a well-known acute-phase biomarker that can indicate
surgical complications [26]. It reached a peak level in the plasma
after 48 hours. It can also be used as a marker for infectious com-
plications after surgery. CRP levels were the most accurate on
POD 4. In multivariate analysis, OG showed that high CRP
(26.47 mg/dL) on POD 3 to 4 was a significant predictor of se-
vere complications (OR, 6.079; 95% CI, 1.117-33.076; P=0.037).
The optimal cutoff value of postoperative CRP was determined
by receiver operating characteristic curve analysis. If the CRP
level is high on POD 3 or 4, it can be used as a safety index to
postpone discharge in elderly patients using the ERAS protocol.

The definition of the elderly varies for each literature, from 65 to
80 years old [9, 27]. Based on an Italian study [28] that applied the
ERAS protocol to high-risk patients and a study to determine the
cutoff age related to colorectal cancer-specific survival [29], this
study defined the elderly based on the age of 70 years.

This study has several limitations. First, this was a retrospective
study. Due to the retrospective design, there was potential bias
and missing data in the medical records. Compliance data were
not checked thoroughly because it was in the early phase of im-
plementing the ERAS protocol at our institution. Data were not
shown due to insufficiency, however, preliminary results showed
high compliance rates in both groups (Supplementary Table 2).
Future large-scale studies are needed to validate the results of this
study. Currently, ERAS protocol items have been added and
changed at our institution. Epidural anesthesia was excluded, the
surgical drain and urinary catheter were removed earlier, and the
oral intake schedule was changed. Further studies are needed to
evaluate the differences in the results based on these changes.

In conclusion, age does not affect surgical outcomes in patients
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with colorectal cancer using the ERAS protocol. Implementing
the ERAS protocol in patients aged > 70 years is safe and feasible
without an increase in complications or readmission rates com-
pared to young patients.
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Supplementary Table 1. Complications in colorectal cancer surgery

Tumor location

Complication
Colon Rectum Total

Wound complication 11 (4.6) 15(15.6) 26 (7.8)
Urinary retention 5(2.1) 11(11.5) 16 (4.8)
Bleeding

Intraperitoneal 2(0.8) 0(0) 2(0.6)

Intra-luminal 2(0.8) 1(1.0) 3(0.9
Anastomosis leakage 5(2.1) 10 (10.4) 15 (4.5)
Intraperitoneal abscess 3(1.3) 12 (12.5) 15(4.5)
lleus 14 (5.9) 10 (10.4) 24 (7.2)
Cardiovascular

AMI 0(0) 0(0) 0(0)

Arrhythmia 5(2.1) 2(2.1) 7(2.1)

PTE 1(0.4) 1(1.0) 2(0.6)

DvVT 2(0.8) 0(0) 2(0.6)
Pulmonary

Pneumonia 3(1.3) 3(3.1) 6(1.8)

ARDS 1(0.4) 1(1.0) 2(0.6)
Organ injury? 6 (2.5) 5(5.2) 11(3.3)
Others® 13 (5.4) 9(9.4 22 (6.6)
Total 66/239 (27.6)  50/96 (52.1) 116/335 (34.6)

Values are presented as number (%).

AMI, acute myocardial infarction; PTE, pulmonary thromboembolism; DVT, deep
vein thrombosis; ARDS, acute respiratory distress syndrome.

®Organ injury: other organ injuries like small bowel, duodenum, ascending colon,
descending colon, sigmoid colon, liver. ®Others include chyle ascites, acute kidney
injury, pneumothorax, vulva swelling, non-infected pleural effusion, cerebral in-
farction, skin rash, gastroesophageal reflux disease, patient-controlled analgesia
related headache, epidural site swelling, herpes simplex, cystitis, rectovaginal fis-
tula, and lower extremities weakness.
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Supplementary Table 2. Enhanced Recovery After Surgery (ERAS) compliance

Variable Overall (n=209) YG (n=152) 0G (n=57) P-value

Mean compliance rate (%) 73.4 74.0 rans 0.298

ERAS item
Preadmission patient counseling 193/209 (92.3) 139/152 (91.4) 54/57 (94.7) 0.565
Preoperative oral carbohydrate treatment 204/209 (97.6) 147/152 (96.7) 57/57 (100) 0.326
Preoperative formula intake 177/209 (84.7) 126/152 (82.9) 51/57 (89.5) 0.239
Thromboembolism prophylaxis 198/208 (95.2) 142/151 (94.0) 56/57 (98.2) 0.291
Prophylactic antibiotics 204/208 (98.1) 149/151 (98.7) 55/57 (96.5) 0.302
Hypothermia prophylaxis 187/209 (89.5) 134/152 (88.2) 53/57 (93.0) 0.311
Restrictive fluid strategy 144/208 (69.2) 107/151 (70.9) 37/57 (64.9) 0.407
Postoperative nausea and vomiting prophylaxis 196/209 (93.8) 143/152 (94.1) 53/57 (93.0) 0.754
Multimodal opioid-sparing pain control 134/208 (64.4) 89/151 (58.9) 45/57 (78.9) 0.007
Chewing gum (stimulation of gut motility I) 83/171 (48.5) 68/123 (55.3) 15/48 (31.3) 0.005
Laxative (stimulation of gut motility Il) 191/208 (91.8) 138/152 (90.8) 53/56 (94.6) 0.569
Early urinary catheter removal (before postoperative day 3) 171/209 (81.8) 121/152 (79.6) 50/57 (87.7) 0.176
Early surgical drainage removal (before postoperative day 3) 104/206 (50.5) 75/149 (50.3) 29/57 (50.9) 0.945
Termination of intravenous fluid infusion (before postoperative day 3) 166/208 (79.8) 118/151 (78.1) 48/57 (84.2) 0.331
Early mobilization on day of surgery 104/174 (59.8) 80/126 (63.5) 24/48 (50.0) 0.105
Early mobilization on postoperative day 1 100/155 (64.5) 81/114 (71.1) 19/41 (46.3) 0.005
Early mobilization on postoperative day 2 84/153 (54.9) 70112 (62.5) 14/41 (34.1) 0.002
Early mobilization on postoperative day 3 83/144 (57.6) 64/105 (61.0) 19/39 (48.7) 0.187
Oral intake on day of surgery 57/206 (27.7) 42/152 (27.6) 15/54 (27.8) 0.984
Oral intake on postoperative day 1 140/208 (67.3) 104/152 (68.4) 36/56 (64.3) 0.573

Values are presented as percentage only or number (%).
YG, young group; OG, old group.
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